ABSTRACT-Five isolates of infectious hypodermal and hematopoietic necrosis virus (IHHNV) (three from Taiwan, one from Thailand and one from Ecuador) were sequenced and compared with two other previously sequenced isolates, one from Hawaii and one from the Gulf of California, Mexico. An unrooted neighbor-joining (NJ) phylogenetic tree analysis and a pairwise comparison both show that the variation among these seven different isolates was low. Despite this sequence similarity, our data suggest that two of the three Taiwan isolates may have been imported from the Americas, while the other isolate and the Thailand isolate may be instances of a local (South East Asian) strain. This has implications for the epidemiology of IHHNV, and suggests that geographic isolation has allowed the virus to evolve into two distinct groups.
genomic sequence
Infectious hypodermal and hematopoietic necrosis virus (IHHNV) is a small, icosahedral, non-enveloped, single-strand DNA virus containing a linear genome of approximately 4.0 kb1,2). IHHNV is one of the major pathogens of farmed and wild populations of shrimp, and it was subsequently found to be widely distributed in culture facilities in North, South, and Central America, the Caribbean, and in the Central and Indo-Pacific3-6). To date, the most complete IHHNV sequence information is for the Hawaii isolate (GenBank Accession No. AF218266)6). IHHNV has been tentatively assigned to the Parvoviridae family based on physicochemical and ultrastructural properties of the virions and partial char acterization of viral proteins1,7). The family Parvoviridae includes two subfamilies, Parvovirinae, members of which infect vertebrates, and Densovirinae, members of which infect arthropods, mainly insects8).
IHHNV is a member of the Densovirinae subfamily, and further phy logenetic alignment data suggest that it is most closely related to the genus Brevidensovirus, which includes two mosquito densoviruses (DNVs) isolated from Aedes aegypti and Aedes albopictus (AaeDNV and Aa/DNV)2).
The sequence variation of the IHHNV genome, from the first reported isolates to those most recently reported, is very low9). Despite this high level of similarity, how ever, in this study our analysis of almost the whole sequence of seven isolates from Taiwan ) . The PCR was carried out to amplify several overlapping IHHNV genomic fragments, which were then directly sequenced by primer walking on both strands (GenBank Accession Numbers AY355306, AY355307, AY355308, AY362547 and AY362548 for IHHNV Taiwan isolate A, IHHNV Taiwan isolate B, IHHNV Taiwan iso late C, IHHNV Thailand isolate and IHHNV Ecuador iso late, respectively). Phylogenetic analysis based on the full-length IHHNV nucleotide sequences was performed using neighbor-joining (NJ) and parsimony methods with the PAUP 4.0b1 program12). One thousand bootstrap replicates were generated to test the robustness of the trees. Amplification restriction fragment length polymor- 
), and IHN-9Fl/IHN-9R1
(5'-AGATGTCTACAATTCAATACTG-3'/5'-TTGGATTGGGTCTTCATAGT-3'
). The DNA fragments amplified by primer sets IHN-2F1/ IHN-2R1 and IHN-9F1/IHN-9R1 were then treated by restriction enzyme Taq I, and the DNA fragments ampli fied by primer set IHN-4F1/IHN-4R1 were then treated by restriction enzyme Sau3A I. After treatment with the restriction enzymes, the samples were analyzed in 6% agarose gel.
Results and discussion
Unrooted neighbor joining (NJ) phylogenetic tree The unrooted NJ phylogenetic tree of the genomes of the different IHHNV isolates is shown in Fig. 1 It should also be noted that the Hawaii isolate contains a unique insertion in the upstream region of the NS-2 protein. Although this insertion was not considered in the construction of the phylogenetic tree in Fig. 1 , it nonetheless implies that the Hawaiian virus should be considered as an independent unit.
Pairwise comparison late B proteins with the corresponding sequences from the other isolates. As with the phylogenetic tree based on the entire genomic sequence (Fig. 1) , the capsid pro tein, NS-1 and NS-2 identity/similarity data suggest that Taiwan isolate B is closer to the Thailand isolate than to the Mexico, Hawaii, Ecuador and two other Taiwanese isolates (A and C). To sum up, the difference between different IHHNV geographic isolates was very low. In spite of this, our data suggest that geographic isolation has led to the virus evolving into two distinct groups.
A B C
Amplification restriction fragment length polymorphism (ARFLP) analysis Because the sequences of Taiwan isolate B and the Thailand isolate were quite similar, ARFLP was used to confirm the identity of these two virus isolates. Three regions of the genome were selected for amplification. The fragments amplified by the three primer sets IHN 2F1/IHN-2R1, IHN-4F1/IHN-4R1 and IHN-9F1/IHN-9R1 were 560 bp, 519 bp and 480 bp respectively. These regions can be digested by restriction enzyme Taq I and Sau3A I. Computer predictions were as follows: two Taq I cutting sites on Taiwan isolate B when amplified with the primer set IHN-2F1/IHN-2R1, but only 1 Taq I cutting site on the Thailand isolate; three Sau3A I cutting sites on Taiwan isolate B amplified with primer set IHN 4F1/IHN-4R1, but only 2 Sau3A I cutting sites on the Thailand isolate; three Taq I cutting sites on Taiwan iso late B amplified with primer set IHN-9F1/IHN-9R1, but four Taq I cutting sites on the Thailand isolate. Results were in accordance with these predictions (Fig. 2) . This rapid technique provides confirmation that the two IHHNV isolates, Taiwan isolate B and Thailand isolate., were, despite their similarity, nonetheless distinct. 
